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DESCRIPTION 
ORGANIC ELECTROLUMINESCENT DEVICE 

TECHNICAL FIELD 
5 [0001] 

The invention relates to an organic electroluminescent 
device (hereinafter abbreviated as "organic EL device") . In 
particular, the invention relates to a highly efficient organic 
EL device. 

10 

BACKGROUND ART 
[0002] 

An organic EL device using an organic substance is a 
promising solid-state emitting type inexpensive and large 

15 full-color display device, and has been extensively developed. 
An EL device generally includes an emitting layer and a pair 
of opposing electrodes holding the emitting layer therebetween. 
In the EL device, electrons and holes are injected into the 
emitting layer respectively from a cathode and an anode upon 

20 application of an electric field between the electrodes. The 
electrons and the holes recombine in the emitting layer to 
produce an excited state, and the energy is emitted as light 
when the excited state returns to the ground state. The EL 
device emits light by utilizing this phenomenon. 

25 [0003] 

Various configurations have been known as the 
configuration of the organic EL device. For example, use of 
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an aromatic tertiary amine as a material for a hole-transporting 
layer has been disclosed for an organic EL device having the 
device configuration of "indium tin oxide 

(ITO) /hole-transporting layer/emitting layer/cathode" (see 
5 JP-A-63-295695) . This device configuration achieves a high 
luminance of several hundreds cd/m 2 at an applied voltage of 
20 V or less. 
[0004] 

It has been reported that a luminous efficiency of about 
10 4 0 lm/W or more is achieved at a luminance equal to or less than 
several hundreds cd/m 2 by using an iridium complex 
(phosphorescent dopant) as a dopant for an emitting layer (see 
Tsutsui et al., "Japanese Journal of Applied Physics", Vol. 38 
(1999) , p. 1502-1504) . 
15 [0005] 

However, since most phosphorescent organic EL devices 
emit green light, a multi-color device has been demanded. 
Moreover, an increase in the current efficiency of the device 
has also been demanded. 

20 

DISCLOSURE OF THE INVENTION 
[0006] 

The inventors have made various researches focusing on 
the above-mentioned problems in order to develop an organic EL 
25 device which has a higher current efficiency and emits light 
in a blue range, and found that reducing an energy difference 
between a material constituting an electron-transporting layer 
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and an electron-transporting host material constituting an 
emitting layer to a certain level or less improves the 
electron-injecting efficiency to the emitting layer and then 
the carrier balance, whereby an organic EL device with a high 
current efficiency can be obtained. The inventors have found 
that the above-mentioned object is achieved by employing a 
device structure having energy characteristics represented by 
the following formula (1) . The invention was completed based 
on the knowledge. 
[0007] 

The invention provides the following organic EL device. 

(1) An organic electroluminescent device having a 
structure in which at least an emitting layer and an 
electron-transporting layer are stacked between an anode and 
a cathode, the emitting layer containing an organic metal 
complex having at least a heavy metal as a central metal, 

wherein a difference (AAF) in electron affinity between 
a main organic material forming the emitting layer and a main 
material forming the electron-transporting layer satisfies the 
following expression; "0.2 eV < AAF ^ 0.65 eV" . 
[0008] 

(2) The organic electroluminescent device according to 
(1) which emits electroluminescence at a longer wavelength than 
the wavelength corresponding to the triplet energy gap 

(Eg T (Dopant) ) of the organic metal complex having a heavy metal 
as a central metal. 
[0009] 



(3) The organic electroluminescent device according to 
(1) or (2), wherein the electroluminescence at a longer 
wavelength than the wavelength corresponding to the triplet 
energy gap (Eg T ( Dopant ) ) of the organic metal complex having 

5 a heavy metal as a central metal is a main component of 
electroluminescence emitted from the device. 
[0010] 

(4) The organic electroluminescent device according to 
any one of (1) to (3) , wherein the main organic material forming 

10 the emitting layer has an electron transporting property. 
[0011] 

(5) The organic electroluminescent device according to 
any one of (1) to (4), wherein the triplet energy gap (Eg T (Host)) 
of the main organic material forming the emitting layer is 2.52 

15 eV or more. 
[0012] 

(6) The organic electroluminescent device according to 
any one of (1) to (5) , wherein the triplet energy gap 

(Eg T (Dopant) ) of the organic metal complex having a heavy metal 
20 as a central metal is equal to or greater than the triplet energy 
gap ( Eg T ( ETL) ) of the main material forming the 
electron- transporting layer . 
[0013] 

(7) The organic electroluminescent device according to 
25 any one of (1) to (6), wherein the triplet energy gap (Eg T (Host)) 

of the main organic material forming the emitting layer is equal 
to or greater the triplet energy gap (Eg T ( Dopant ) ) of the organic 
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metal complex having a heavy metal as a central metal. 
[0014] 

The invention provides a phosphorescent organic EL device, 
particularly emitting light in a blue region, which exhibits 
high current efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIG. 1 is a cross-sectional view showing an organic EL 
device according to one embodiment of the invention. 

FIG. 2 is a view showing the emission spectrum of an organic 
EL device according to Example 1. 

FIG. 3 is a view showing the emission spectrum of an organic 
EL device according to Example 8. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0016] 

The invention is described below in detail. 

An organic EL device according to the invention has a 
structure in which at least an emitting layer and an 
electron-transporting layer are stacked between an anode and 
a cathode, the emitting layer containing an organic metal 
complex having at least a heavy metal as a central metal, wherein 
a difference (AAf ) in electron affinity between a main organic 
material forming the emitting layer and a main material forming 
the electron-transporting layer satisfies the following 
expression . 



0.2 eV < AAf ^ 0.65 eV 



[0017] 

5 As shown in FIG. 1, the organic EL device according to the 

invention has a multilayer structure in which a plurality of 
layers including at least an emitting layer 3 and an 
electron-transporting layer 4 are formed between a pair of 
electrodes (cathode 1 and anode 2) , wherein an organic medium 
10 forming the emitting layer 3 includes an organic metal complex 
having a heavy metal as a central metal (hereinafter abbreviated 
as "heavy metal organic complex") , and the emitting layer 3 and 
the electron-transporting layer 4 are stacked. 
[0018] 

15 The organic EL device according to the invention satisfies 

the condition shown by the following expression (1) to achieve 
a high current efficiency. 

0.2 eV < AAf ^ 0.65 eV (1) 

20 

[0019] 

In the expression (1), AAf indicates the difference 
between the electron affinity (Af (emitting layer) ) of the main 
organic material forming the emitting layer and the electron 
15 affinity (Af (electron-transporting layer) ) of the main 

material forming the electron-transporting layer (i.e. "AAf 
= Af (electron-transporting layer) - Af (emitting layer)"). 
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[0020] 

The electron affinity Af (eV) of each material is 
determined from the difference between the ionization potential 
Ip (eV) and the optical energy gap Eg (eV) of the material. 

Af = Ip - Eg 

[0021] 

If the difference AAf is 0.2 eV or less, since storage of 
electrons at the interface between the electron-transporting 
layer and the emitting layer becomes insufficient due to the 
small electron barrier between the electron-transporting layer 
and the emitting layer, electrons are insufficiently 
accumulated in the emitting layer. This results in a decrease 
in recombination probability between electrons and holes in the 
emitting layer, whereby the luminous efficiency (particularly 
current efficiency) is insufficiently improved. 
[0022] 

If the difference AAf is greater than 0.65 eV, since the 
difference between the electron affinity Af (emitting layer) 
of the main organic material forming the emitting layer and the 
electron affinity Af (electron-transporting layer) of the main 
material forming the electron-transporting layer is increased, 
the interaction between the molecules forming each layer tends 
to occur at the interface between the emitting layer and the 
electron-transporting layer. As a result, since the 
excitation energy due to recombination is consumed by such an 



interaction, the excitation energy is emitted as light at a 
reduced percentage, whereby the current efficiency is 
insufficiently improved. 
[0023] 

5 In the organic EL device according to the invention, it 

is preferable that emission corresponding to the triplet energy 
gap of the heavy metal complex (phosphorescent dopant) be the 
major electroluminescent emission (hereinafter called "EL 
emission") . 
10 [0024] 

It is preferable that the electron affinity (Af (Dopant) ) 
of at least one dopant (whether or not the dopant is luminescent) 
in the emitting layer be in a range between the electron affinity 
(Af (emitting layer) ) of the main organic material forming the 
15 emitting layer and the electron affinity (Af 

(electron-transporting layer)) of the electron-transporting 

layer adjacent to the emitting layer. 

[0025] 

In the organic EL device according to the invention, the 
20 main organic material forming the emitting layer (hereinafter 
abbreviated as "major emitting layer material") preferably has 
an electron transporting capability. If the major emitting 
layer material has an electron transporting capability, charges 
(particularly electrons) are not accumulated at the interface 
25 between the emitting layer and the electron-transporting layer, 
whereby the emission region in the emitting layer can be 
separated from the interface. This allows the excitation 
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energy due to recombination between electrons and holes to be 
efficiently converted into emission from the dopant. 
[0026] 

In order to convert the recombination excitation energy 
5 into dopant emission, it is preferable that the triplet energy 
gap (Eg T (Host)) of the major emitting layer material be 2.52 
eV or more, preferably 2 . 75 eV or more, and still more preferably 
2.8 eV or more. In order to obtain emission from the triplet 
state of the heavy metal organic complex as the dopant, it is 

10 preferable that the triplet energy gap (Eg T (Host) ) of the major 
emitting layer material be greater than the triplet energy gap 
(Eg T (Dopant)) of the heavy metal organic complex. In 
particular, in order to obtain EL emission in the blue region 
using the triplet energy from the heavy metal organic complex, 

15 it is preferable that the triplet energy gap (Eg T (Host)) of 
the major emitting layer material be 2 . 8 eV or more. 
[0027] 

It is preferable that the triplet energy gap (Eg T (Dopant) ) 
of the heavy metal organic complex be equal to or greater than 

20 the triplet energy gap (Eg T (ETL) ) of the material forming the 
electron-transporting layer. This configuration allows the 
recombination excitation energy occurring around the interface 
between the emitting layer and the electron-transporting layer 
to be efficiently transferred to the heavy metal organic complex 

25 dopant in the emitting layer with high probability rather than 
to the material forming the electron-transporting layer. 
[0028] 
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The ionization potential Ip of each material may be 
measured by applying light (excitation light) from a deuterium 
lamp to the material through a monochromator, measuring the 
resulting photoelectric emission using an electrometer, and 
calculating the photoelectric emission threshold value from the 
resulting photoelectric emission photon energy curve using an 
extrapolation method. The ionization potential Ip of each 
material may be measured using an atmosphere ultraviolet 
photoelectron spectrometer "AC-1" (manufactured by Riken Keiki 
Co., Ltd.) or the like. 
[0029] 

The optical energy gap Eg of each material may be 
determined by applying light of which the wavelength was 
resolved to the material and converting the maximum wavelength 
of the absorption spectrum into the optical energy gap. 
[0030] 

The triplet energy gap(Eg T ) of each organic material used 
in the invention is determined by the following method. The 
organic material used in the invention is measured by a known 
phosphorescence measurement method (e.g. method described in 
"The World of Photochemistry" (edited by The Chemical Society 
of Japan, 1993), page 50) . In more detail , the organic material 
used in the invention is dissolved in a solvent (sample 10 
micromol/L, EPA (diethyl ether : isopentane : ethanol = 5:5:2 
(volume ratio) ) to obtain a phosphorescence measurement sample . 
After placing the phosphorescence measurement sample in a 
quartz cell, the sample is cooled to 77°K. Excitation light 
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is then applied to the sample, and the resulting phosphorescence 
is measured with respect to the wavelength. A tangent is drawn 
to the rise of the phosphorescence spectrum on the shorter 
wavelength side, and the value obtained by converting the 
wavelength into the energy value is taken as the triplet energy 
gap (Eg T ) . The triplet energy gap (Eg T ) may be measured using 
a commercially available device "F-4500" (manufactured by 
Hitachi, Ltd.) or the like. The triplet energy gap (Eg T ) is 
converted using the following expression. 



Eg T (eV) = 1239.85/Xedge 



The meaning of "A eC ige" is as follows. A phosphorescence 
spectrum is expressed using the vertical axis as the 

15 phosphorescence intensity and the horizontal axis as the 
wavelength, and a tangent is drawn to the rise of the 
phosphorescence spectrum on the shorter wavelength side. In 
this case, "A ed ge" is the wavelength at the intersection of the 
tangent and the horizontal axis. The unit for M A ed ge" is nm - 

20 [0031] 

As examples of the device configuration of the organic EL 
device according to the invention which satisfies the above 
conditions, the following configurations can be given. Note 
that the device configuration is not limited thereto. 
25 (1) Anode/emitting layer/electron-transporting layer/cathode 
(2) Anode/hole-transporting layer/emitting 
layer /electron-transporting layer /cathode 
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(3) Anode/hole-injecting layer /hole-transporting 

layer /emitting layer/electron-transporting layer /cathode 

The elements may be stacked on a substrate in this order 
or in the reverse order, 
5 [0032] 

Specific examples of the material compounds forming the 
organic EL device according to the invention are given below. 
Note that the materials used in the invention are not limited 
to the compounds given below. The objective organic EL device 
10 with a high current efficiency can be obtained as long as the 
above conditions are satisfied. 
[0033] 

The major emitting layer material used in the organic EL 
device according to the invention is not particularly limited. 

15 Any material known as the material for the organic emitting 
layer may be used. As examples of the major emitting layer 
material, compounds exhibiting excellent thin film formability, 
such as amine derivatives, carbazole derivatives, oxadiazole 
derivatives, triazole derivatives, benzoxazole type, 

20 benzothiazole type, and benzimidazole type fluorescent 
whitening agents, metal chelate oxanoid compounds, and 
distyrylbenzene compounds, can be given. Of these, the 
carbazole derivatives are preferable. 
[0034] 

25 In the organic EL device according to the invention, it 

is preferable that the triplet energy gap (Eg T (Host)) of the 
major emitting layer material be greater than the triplet energy 
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gap (Eg T (Dopant)) of the heavy metal organic complex. This 
allows the energy of the major emitting layer material to be 
efficiently transferred to the heavy metal organic complex, 
whereby the luminous efficiency is improved, 
[0035] 

The material forming the electron-transporting layer of 
the organic EL device according to the invention is not 
particularly limited. Any compound commonly used as the 
material for the electron-transporting layer may be used. As 
the material for the electron-transporting layer, organic metal 
complexes such as tris (8-quinolinolate) aluminum, 
tris { 8 -quinolinolate) gallium, and 

bis (10-benzo [h] quinolinolate) beryllium, oxadiazole 
derivatives, triazole derivatives, triazine derivatives, 
perylene derivatives, quinoline derivatives, quinoxaline 
derivatives, diphenylquinone derivatives, nitro-substituted 
fluorenone derivatives, thiopyrane dioxide derivatives, and 
the like can be given. 
[0036] 

In the organic EL device according to the invention, the 
electron-transporting layer may have either a single layer 
configuration or a multilayer configuration. The 
electron-transporting layer may include a hole barrier layer 
formed of a material exhibiting hole barrier 

properties (function of confining holes in the emitting layer) , 
that is, a material having an ionization potential greater than 
the ionization potential of the material forming the emitting 
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layer . 
[0037] 

As specific examples of the compound exhibiting hole 
barrier properties, phenanthroline derivatives and the like can 
be given. 
[0038] 

The luminous efficiency can be further improved by adding 
an alkali metal, alkaline earth metal, rare earth metal, alkali 
compound, alkaline earth compound, rare earth compound, alkali 
metal to which an organic compound is coordinated, or the like 
to increase the electron injecting/transporting properties. 
[0039] 

The heavy metal organic complex which is the dopant of the 
emitting layer used in the organic EL device according to the 
invention is not particularly limited. It is preferable to use 
a heavy metal organic complex functioning as a dopant which 
produces emission from the triplet excited state at room 
temperature . 
[0040] 

It is preferable that the organic EL device according to 
the invention produce EL emission at a wavelength longer than 
the wavelength corresponding to the triplet energy gap (Eg T 
(Dopant) ) of the heavy metal organic complex (EL emission of 
a long wavelength component) . It is still more preferable that 
the EL emission of the long wavelength component be the major 
EL emission from the organic EL device. 
[0041] 
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The heavy metal organic complex used in the invention is 
not particularly limited. The heavy metal organic complex 
preferably has a triplet energy gap of 2.5 eV or more and 3.5 
eV or less, and still more preferably 2.6 eV or more . This aims 
at allowing the organic EL device to emit green to blue light. 
The invention is remarkably effective in this region. 
[0042] 

It is preferable that the luminescent dopant function as 
a luminescent dopant which emits light from the triplet state 
at room temperature. As preferable examples of the heavy metal 
contained in the dopant, Ir, Pt, Pd, Ru, Rh, Mo, and Re can be 
given. As examples of the ligand to the heavy metal, a ligand 
which is coordinated or bonded to a metal at C or N (CN ligand) 
and the like can be given. As specific examples of the ligand, 
the following compounds and substituted derivatives thereof can 
be given. 
[0043] 
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[0044] 

As examples of the substituent of the substituted 
5 derivatives, an alkyl group, alkoxy group, phenyl group, 
polyphenyl group, naphthyl group, fluoro (F) group, 
trifluoromethyl (CF 3 ) group, and the like can be given. 

As preferable examples of a blue light emitting ligand, 
the following compounds and the like can be given. 
10 [0045] 




[0046] 
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The concentration of a heavy metal organic complex added 
to an emitting layer is not particularly limited, but in view 
of current efficiency and driving voltage adjustment, the range 
from 0.1 to 20 mass% is preferable and the range from 1 to 15 
mass% is more preferable. 
[0047] 

In the organic EL device according to the invention, a 
hole-injecting layer, a hole-transporting layer, an 
electron-injecting layer, and the like may be provided, as 
required, in order to further increase the current (or luminous) 
efficiency. The materials for these layers are not 
particularly limited. A known organic material for an organic 
EL may be used. 
[0048] 

In the invention, it is preferable to add an inorganic 
material to the hole-transporting layer and the 
electron-injecting layer to further improve a current 
efficiency. An inorganic material may be used as a charge 
injection auxiliary material for a hole-injecting layer or an 
electron-transporting layer. As the inorganic material, an 
inorganic semiconductor material is preferably used. Examples 
of the inorganic material include inorganic materials 
containing one or more elements selected from In, Sn, Ga, Si, 
Ge, Zn, Cd, Mg, Al, Ta and Ti, and chalcogenides and nitrides 
thereof . 
[0049] 

The organic EL device according to the invention is 
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preferably supported by a substrate. The material for the 
substrate is not particularly limited. A known material used 
for an organic EL device such as glass, transparent plastic, 
or quartz may be used. 
5 [0050] 

For an anode, metals, alloys, electrically conductive 
compounds or mixtures thereof which have a large work function 
(for example, 4.0 eV or more) are preferably used. Specifically 
metals such as Au and dielectric transparent materials such as 
10 Cul, ITO, Sn0 2 and ZnO can be given. 
[0051] 

The anode can be formed by forming the above materials 
into a thin film by vapor deposition, sputtering or the like. 
In the case where emission from the emitting layer is outcoupled 

15 through the anode, the transmittance of the anode is preferably 
more than 10%. The sheet resistance of the anode is preferably 
several hundreds Q/D or less. The film thickness of the anode, 
which is varied depending upon the material thereof, is usually 
from 10 nm to 1 jam, preferably from 10 to 200 nm. 

20 [0052] 

For a cathode, metals, alloys, electrically conductive 
compounds or mixtures thereof which have a small work function 
(for example, 4.0 eV or less) are preferably used . Specifically 
aluminum, lithium, sodium, magnesium/silver mixture, 
25 magnesium/copper mixture, A1/A1 2 0 3 and indium can be given as 
an example. 
[0053] 
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The cathode can be formed by forming the above materials 
into a thin film by vapor deposition, sputtering or the like. 
In the case where emission from the emitting layer is outcoupled 
through the cathode, the transmittance of the cathode is 
5 preferably more than 10%. The sheet resistance of the cathode 
is preferably several hundreds Q/D or less . The film thickness 
of the cathode, which is varied depending upon the material 

thereof, is usually from 10 nm to 1 urn, preferably from 50 to 
200 nm. 
10 [0054] 

It is preferable that at least one of the anode and the 
cathode be formed of a transparent or translucent substance in 
order to efficiently outcouple light from the emitting layer. 
[0055] 

15 The method of fabricating the organic EL device according 

to the invention is not particularly limited. The organic EL 
device according to the invention may be fabricated using a 
known fabrication method used for an organic EL device. 



20 EXAMPLES 
[0056] 

The invention will be further explained with reference 
to the examples and the comparative examples shown below. 
Example 1 

25 A glass substrate, 25 mm x 75 mm x 1.1 nun thick, having 

ITO transparent electrode lines (manufactured by Geomatics Co . ) 
was subjected to ultrasonic cleaning in isopropyl alcohol for 
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5 minutes and then to UV ozone cleaning for 30 minutes. The 
cleaned glass substrate having transparent electrode lines was 
set up on a substrate holder in a vacuum deposition device. 
First, a 100 nm thick film of 

N,N' -bis (N,N' -diphenyl-4-aminophenyl) -N, N-diphenyl-4 , 4' - 
diamino-1, 1' -biphenyl (hereinafter referred to as TPD 232 film) 
was formed by resistance heating deposition on the surface where 
the transparent electrode lines were formed, so as to cover the 
transparent electrode. The TPD 232 film functioned as a first 
hole-injecting (hole-transporting) layer. After the 
formation of the TPD 232 film, a 10 nm thick hole-transporting 
layer made of a compound HTM shown in the formula shown below 
was formed by resistance heating deposition. After the 
formation of the hole-transporting layer, a host compound 
(Compound No. Host 1 shown in Table 1; Eg T (Host) : 2.83 eV; Ip: 
5.65 eV, Eg: 3.12 eV; represented by the formula shown below) 
and FIrpic (Eg T ( Dopant ) : 2.76 eV; represented by the formula 
shown below) were co-deposited by resistance heating to form 
a 30 nm thick film thereon. The concentration of FIrpic was 
7.5 mass%. This host compound: FIrpic film functioned as an 
emitting layer. After the formation of the emitting layer, an 
Alq (8-hydroxyquinolinol aluminum complex; Eg T (ETL)=2.00 eV; 
Ip: 5.70 eV, Eg: 2.70 eV) film with a certain thickness (30 nm) 
was formed by resistance heating deposition on the emitting 
layer. The Alq film functioned as an electron-transporting 
layer. Next, a 0 . 1 nm thick electron-injecting electrode 
(cathode) was formed from LiF at a film-formation rate of 1 
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A/minute. A metal Al was deposited on the LiF layer to form 
a 130 nm thick metal cathode, thereby fabricating an organic 
EL device. 
[0057] 

The ionization potential Ip of the materials was measured 
in an atmosphere with an ultraviolet photoelectron spectrometer 
AOl (Riken Keiki Co. , Ltd. ) . The optical energy gap Eg of the 
materials was obtained from measurement results of absorption 
spectrum of a toluene dilute solution of a material. The 
electron affinity Af of the materials was obtained using the 
formula shown below. 

Af = Ip - Eg 

[0058] 

The triplet energy gap Eg T of the materials was measured 
according to the method written in "The World of Photochemistry 77 
mentioned above. Specifically, an organic material was 
dissolved in a solvent (a sample 10 pmol/L EPA (diethyl ether : 
isopentane : ethanol = 5 : 5 : 2 at a volume ratio) ) to obtain 
a sample for a phosphorescence measurement. The sample was put 
in a quartz cell and cooled to 77 K. Exciting light was 
irradiated to measure emitted phosphorescence for wavelength. 
The tangent line was drawn to the rise on the short-wavelength 
side of the phosphorescent spectrum obtained. The wavelength 
value was converted to energy, which was a triplet energy gap 
value (Eg T ) . A commercially available device F-4500 (Hitachi, 
Ltd.) was used for the measurement. 
[0059] 
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A difference AAf in electron affinity between a main 
organic material forming the emitting layer and a main material 
forming the electron-transporting layer was obtained by the 
formula shown below. 
5 AAF = Af (electron-transporting layer) - Af (emitting 

layer) 



[0060] 




FIrpic 



10 [0061] 

(Evaluation of organic EL device) 

A luminance, current density and chromaticity (CIE) of 
the organic EL device obtained in Example 1 were measured under 
the conditions of applying a certain DC voltage shown in Table 

15 1 to calculate a current efficiency (= (luminance) / (current 
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density) ) at an emission luminance of 100 cd/m 2 . The results 

were shown in Table 1. 

[0062] 

Example 2 and Comparative example 1 

An organic EL device was fabricated and evaluated in the 
same manner as in Example 1 except that the host compound of 
the emitting layer was changed to the compound Host 2 (shown 
in the formula below) in Example 2. 

An organic EL device was fabricated and evaluated in the 
same manner as in Example 1 except that the 

electron-transporting material was changed to the compound PC-7 
(shown in the formula shown below) in Comparative example 1. 
The results were shown in Table 1. 



[0063] 




PC-7 

[0064] 

Example 3 and Comparative example 2 

An organic EL device was fabricated and evaluated in the 
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same manner as in Example 1 except that the heavy metal organic 
complex FIrpic was changed to Ir(ppy) (EgT ( Dopant ) : 2.60 eV; 
shown in the formula shown below) in Example 3. 

An organic EL device was fabricated and evaluated in the 
same manner as in Example 1 except that the heavy metal organic 
complex FIrpic was changed to Ir (ppy) , the host compound of the 
emitting layer was changed to Host 2 and the 

electron-transporting material was changed to BCP (shown in the 
formula below) in Comparative example 2. 
The results were shown in Table 1. 

[0065] 




Ir(ppy) BCP 



[0066] 
Example 4 

An organic EL device was fabricated in the same manner 
as in Example 3 and evaluated in the same manner as in Example 
1 except that the host compound of the emitting layer was changed 
to the compound Host 3 (shown in the formula below) . The results 
were shown in Table 1. 
[0067] 
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[0068] 
Example 5 

A hole-injecting layer and a hole-transporting layer were 
not formed, and a 100 nm thick emitting layer was formed directly 
on a substrate in the production process mentioned in Example 
1. Further, a 30 nm thick Alq ( Eg T ( ETL ) <2.7eV) film was formed 
by resistance heating deposition on the emitting layer. The 
Alq film functioned as an electron-transporting layer. A 0.1 
nm thick LiF film was then formed at a film-formation rate of 
1 A/minute as an electron-injecting electrode (cathode) . On 
the LiF layer, a metal Al was deposited to form a 10 nm thick 
metal cathode and fabricated an organic EL device. The organic 
EL device obtained was evaluated in the same manner as in Example 
1. The results were shown in Table 1. 
[0069] 
Example 6 

An amorphous SiC (p type semiconductive film) was formed 
on the ITO by plasma CVD technique in Example 5. It functioned 
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as an inorganic hole-injecting and transporting layer. SiH 4 
diluted with H 2 gas by 10%, CH 4 and 500 ppm-diluted B 2 H 4 filled 
a chamber through a mass controller to a pressure of 1 Torr. 
At that time, the gas flow rate of B 2 H 4 / (SiH 4 + CH 4 ) was 0.31%, 
a high frequency wave of 50 W and 13.56 MHz was applied and the 
substrate temperature was 190°C, under which conditions a 15 
nm thick film was formed. Organic films, LiF film and Al film 
were formed in sequence thereon in the same steps as in Example 
5 to fabricate an organic EL device. The organic EL device 
obtained was evaluated in the same manner as in Example 1. The 
results were shown in Table 1. 
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[0071] 

In Table 1, Examples 1, 2, 5 and 6 are compared with 
Comparative example 1, and Examples 3 and 4 are compared with 
Comparative example 2, the emission colors thereof being the 
same. The current efficiencies of Examples 1 to 6 where a 
difference AAf in electron affinity is in a range of 0.2 < AAF 
^0.65 are higher than those of Comparative examples 1 and 2 
where a difference AAf in electron affinity is out of the above 
range . 

The invention realizes an organic EL device with a higher 
current efficiency than conventional organic EL devices which 
have the same emission color. In Table 1, CIE - chromaticity 

(0.21, 0.41) shows greenish blue to green, and (0.315, 0.617) 
shows yellowish green. 

[0072] 
Example 7 

A device was fabricated except that CFIrpic (Eg T (Dopant ) : 
2.70 eV; shown in the formula shown below) was used instead of 
Firpic in Example 1. The organic EL device obtained was 
evaluated in the same manner as in Example 1. The results are 
shown in Table 2. 
[0073] 
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[0074] 
Example 8 

The concentration in Example 7 was changed to 4 mass% to 
fabricate a device. The organic EL device obtained was 
evaluated in the same manner as in Example 1. The results were 
shown in Table 2. 



29 



[0075] 

Table 2 





Unit 


Example 7 


Example 8 


Emitting 
layer 


Host compound 


— 


Host 1 


Host 1 


Eg T (Host) 


eV 


2.83 


2.83 


Ionization 
potential Ip 


eV 


5.65 


5.65 


Eg (Host) 


eV 


3.12 


3.12 


Electron 
af finitv Af 


eV 


2.53 


2.53 


Dopant 




CFIrpic 


CFIrpic 


Eg T ( Dopant) 


eV 


2.70 


2.70 


Electron- 
transporting 
layer 


Material 


— 


Alq 


Alq 


Eg T (ETL) 


eV 


2 .00 


2.00 


Ionization 
potential Ip 


eV 


5.70 


5.70 


Eg (ETL) 


eV 


2.70 


2.70 


Electron 
affinity Af 


eV 


3.00 


3.00 


Difference of electron 
affinity AAf 


eV 


0.47 


0.47 


Voltage 


V 


7.5 


7.0 


Current density 


mA/cm 2 


0.40 


0.50 


CIE-chromaticity (x, y) 




(0.21, 0.45) 


(0.20, 0.38) 


Current efficiency 


cd/A 


25 


20 



[0076] 



The emission spectrums of Examples 1 and 8 are shown in 
Figures 2 and 3. Apparently from the comparison therebetween, 
emission at a shorter wavelength than in Example 1 was measured 
in Example 8, and there is an emission component other than a 
dopant in Example 8. 
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INDUSTRIAL APPLICABILITY 
[0077] 

The organic EL device of the invention can be suitably 
used for an information display device, a display device for 
5 military purposes, a lighting and so on because the current 
efficiency thereof is high, 
[0078] 

The organic EL device of the invention can be suitably 
used for a flat luminescent body for wall hanging TVs, a back 
0 lighting source for displays and so on because the current 
efficiency thereof is high. 
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